Significance of nucleobase shape complementarity and hydrogen bonding in the formation and stability of the closed polymerase-DNA complex.
DNA polymerases insert a dNTP by a multistep mechanism that involves a conformational rearrangement from an open to a closed ternary complex, a process that positions the incoming dNTP in the proper orientation for phosphodiester bond formation. In this work, the importance and relative contribution of hydrogen-bonding interactions and the geometric shape of the base pair that forms during this process were studied using Escherichia coli DNA polymerase I (Klenow fragment, 3'-exonuclease deficient) and natural dNTPs or non-hydrogen-bonding dNTP analogues. Both the geometric fit of the incoming nucleotide and its ability to form Watson-Crick hydrogen bonds with the template were found to contribute to the stability of the closed ternary complex. Although the formation of a closed complex in the presence of a non-hydrogen-bonding nucleotide analogue could be detected by limited proteolysis analysis, a comparison of the stabilities of the ternary complexes indicated that hydrogen-bonding interactions between the incoming dNTP and the template increase the stability of the complex by 6-20-fold. Any deviation from the Watson-Crick base pair geometry was shown to have a destabilizing effect on the closed complex. This degree of destabilization varied from 3- to 730-fold and was found to be correlated with the size of the mismatched base pair. Finally, a stable closed complex is not formed in the presence of a ddNTP or rNTP. These results are discussed in relation to the steric exclusion model for the nucleotide insertion.